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Introduction: Gusev crater is a 160 km diameter
complex impact structure (at 14.64°S 175.36°E in the
Aeolis Quadrangle) that has been proposed as a candi-
date landing site for one of the Mars Exploration Rov-
ers (MER). The crater lies at the terminus of Ma’adim
Vallis, a 900 km fluvial system that dissects the mar-
tian highlands, and at the southern highland/ northern
lowland transition. Others have interpreted Gusev as
the depocenter for the Ma’adim Vallis fluvial lacus-
trine system [1-4], making it a site for potential preser-
vation of hydrological activity and possible biomarkers
[5]. Although much suggests an ancient lacustrine
environment at Gusev, no unequivocal evidence has
been found to confirm the proposed hypothesis. With
this in mind, we take a first look at new data from the
Mars Odyssey Thermal Emission Imaging System
(THEMIS), supplemented by data from the Thermal
Emission Spectrometer (TES), Mars Orbiter Camera
(MOC), and Mars Orbiter Laser Altimeter (MOLA) to
characterize the geology of Gusev crater.

Methods: Day and nighttime thermal infrared
(TIR) data from THEMIS (100 m/pixel) and TES were
used to map units based on qualitative/quantitative
comparisons of albedos and thermal inertias. These
units were classified as thermophysical units, defining
laterally extensive areas with similar albedos and ther-
mal inertias. THEMIS visible (20m/pixel) and MOC
high-resolution (1.5-5 m/pixel) visible images were
used to observe changes in morphology and to deter-
mine crater densities. Laterally extensive units with
homogeneous surface textures were mapped as mor-
phologic units. MOLA data were used to identify unit
contacts, thicknesses, and stratigraphic relationships.
Data sets were then combined to construct a surface
unit map and stratigraphic sequence for Gusev crater.

Thermophysical Units. Eight thermophysical
units were identified within Gusev crater by distin-
guishing albedo and thermal inertia properties. TES
data were used to classify units with relatively ‘low’
(<0.23), ‘moderate’ (0.23-0.26), and ‘high’ (>0.26)
albedos. THEMIS day/night TIR data was used to
qualitatively classify thermophysical units based on
relative day/night thermal inertias (categories: ‘high’,
‘intermediate’, and ‘low’). TES thermal inertia was
use to quantify thermal inertias for several units.

Morphological Units. Eight morphological units
were identified in Gusev crater based on distinguishing

morphologic textures. Many morphologic units corre-
spond to those identified with thermophysical unit
mapping; however, several differences become appar-
ent by a comparison of both maps. Visible images also
reveal multiple layers within each mapped morphol-
ogic unit, suggesting multiple depositional episodes.

Surface Unit Map and Stratigraphy. Because
of the strong correlation between thermophysical and
morphologic units, thermophysical, morphological,
topographic, and crater density age data were com-
bined to produced a surface unit map and stratigraphic
for Gusev crater (Figure 1). Surface units are defined
as rock or sediment that (1) are laterally extensive or
mappable, (2) express similar surface morphologies,
(3) possess similar thermophysical qualities, and (4)
occur over consistent elevation ranges. Because TIR
and albedo data only represent the uppermost surface
of mapped units (possibly even regolith) and thermo-
physical properties can vary laterally across a single
unit, delineation of surface units by morphology was
preferred. Crater density ages were considered lastly,
due to mapping in an area showing evidence of erosion
and deposition (which gives units younger apparent
ages). Eight surface units were identified in Gusev,
mostly Hesperian in age, but 2 showing evidence of
later modification (Amazonian) and post-Viking re-
distribution.

Geologic Diversity of the MER-A Gusev Crater
Landing Site. The surface unit map for Gusev attests
to the geologic diversity of this site, showing 6 (and
possibly more) of the 8 mapped surface units occurring
within the MER-A landing ellipse. This provides a
higher probability of sampling multiple surface units
during MER surface operations. The presence of a
MER rover in Gusev would also provide the opportu-
nity to examine depositional hypotheses [6], determine
stratigraphic relationships, and derive lithologies of
surface units.
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Figure 1. Surface unit (see text for definition) map for
Gusev crater, overlain on THEMIS day TIR mosaic.
The MER-A landing ellipse is superimposed. Column
on the right represents the inferred stratigraphic se-
quence for Gusev.
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